The aim of the project is to delineate the role of mineralogy of reservoir rocks in determining interactions between reservoir minerals and externally added reagents (surfactants/polymers) and its effect on the solid-liquid and liquid-liquid interfacial properties such as adsorption, wettability and interfacial tension in systems relevant to reservoir conditions. Previous studies have suggested that significant surfactant loss by precipitation or adsorption on reservoir minerals can cause chemical schemes to be less than satisfactory for enhanced oil recovery. Both macroscopic adsorption, wettability and microscopic orientation and conformation studies for various surfactant/polymer mixtures/reservoir rocks systems will be conducted to explore the cause of chemical loss by means of precipitation or adsorption, and the effect of rock mineralogy on the chemical loss.
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INTRODUCTION
There is considerable amount of oil trapped, together with water and gas, in reservoirs made up of porous and permeable rocks after the traditional oil production. Surfactant/polymer flooding is one of the promising techniques to recover additional oil from domestic oil reservoirs.
In this regard, there is a need for cost-effective reagent schemes to increase the oil recovery under investigation in a number of places. The key criterion for the successful application of techniques using surfactant mixtures is minimal loss of surfactants on reservoir rock by adsorption and precipitation. To design such optimal systems, a fundamental understanding of the mechanisms of minerals/chemicals interactions is necessary. It is the aim of this project to conduct systematic studies on the role of reservoir minerals in the adsorption and retention of surfactants and polymers on minerals in enhanced oil recovery particularly in the presence of relevant semi-soluble minerals.
It is well known that surfactants can interact to form aggregates in solutions (micelles) and at interfaces (hemimicelles) and these aggregation phenomena can have drastic effects on oil recovery processes. Our recent work has shown that the aggregation behavior of some surfactant mixtures is quite unusual both in that more than one type of mixed micelles can form and possibly co-exist in the solution. This finding has both theoretical and practical implications. It has potential for applications to minimize the interfacial tension between the oil and the flooding media to facilitate oil liberation and, at the same time, to reduce adsorption of surfactants on reservoir rocks. It is to be noted that adsorption of surfactants, including polymeric ones, on minerals is determined by a large number of system variables such as chemical and structural
properties of the minerals including solubility and interfacial charge, chemical and physical
properties of solution such as salinity, hardness, pH, temperature, and the chemical composition and structure of the surfactants.
During this period, measurements of the properties of the minerals to be used including particle size distribution, surface area and morphologies have been performed. A series of novel cationic Gemini surfactants butane-1,4-bis(quaternary ammonium chloride), symbolized as C n -C 4 -C n , with n indicating the alkyl chain length, have been synthesized for the study of mineral-surfactant interactions. The solution and adsorption behavior of the Gemini surfactant C 12 -C 4 -C 12 have been studied, along with the nonionic surfactant n-dodecyl-β-D-maltoside (DM).
While DM alone shows meager adsorption on silica, the major component of the reservoir minerals, because of the lack of any electrostatic adsorption, cationic Gemini adsorbs significantly on the oppositely charged silica surface. Characterization of typical minerals and individual surfactants would help to identify the effects of mineral composition, dissolved species (both mineral particles and multivalent ions), surfactant types and structures on mineral-surfactant interactions at later study stages.
EXPERIMENTAL

MATERIALS
Surfactants
Several typical ionic and nonionic surfactants were selected for this study. Anionic sodium dodecyl sulfonate (C 12 SO 3 Na) of greater than 99% purity and cationic dodecyl trimethyl ammonium chloride (DTAC) of greater than 99% purity were purchased from TCI Chemicals, Japan and used as received. Non-ionic sugar-based surfactant n-alkyl-β-D-maltoside (>95% purity by TLC) from Calbiochem was also used as received. The structure of Figure 1 . The growing applications of sugar-based surfactants (alkylmaltosides and alkylglucosides) have been due to their favorable performance properties, such as good biodegradability and the fact that these surfactants are produced from renewable resources. These surfactants are listed in table 1. 
Synthesis of cationic Gemini surfactants
Cationic Gemini surfactants, butane-1,4-bis(quaternary ammonium chloride), represented as C 12 -C 4 -C 12 and C 14 -C 4 -C 14 , have been synthesized by the reaction of 1,4-dichlorobutane with corresponding alkyl dimethyl amines, as illustrated in Figure 2 . After solvent evaporation, crude white paste product obtained was recrystalized in THF and then in ethanol/ethyl acetate solvent several times. The purified products were white powder, and were stored in a desiccator under vacuum for the complete removal of the solvent. High purity of the synthesized Gemini surfactants was confirmed by their proton NMR spectrums, as shown in Figure 3 . There is only a slight amount of hydroxyl salt in the C 12 -C 4 -C 12 and C 14 -C 4 -C 14 Gemini, presumably due to the ion-exchange or replacement reaction with alcohol, and no other impurity was found by NMR in either Gemini.
Cl Cl Mineral Samples:
Solid substrates selected for the current study are alumina, silica (quartz), and Kaolinite, which were characterized. Alumina AKP-50 obtained from Sumitomo had a mean diameter of 0.2 µm. The BET specific surface area measured using nitrogen with a Quantasorb system was 10.8 m 2 /g and the isoelectric point (iep) was 8.9. Silica obtained from Geltech was of a mean diameter of 0.2 to 0.3 µm and the specific surface area of 12.2 to 12.9 m 2 /g and the iep was around 2. Kaolinite with the specific surface area of 8.2 m 2 /g was obtained from the University of Missouri. All these solids have relatively homogeneous surfaces and show low solubility in aqueous solutions. They were used as received. The measured properties for these solids are given in Table 2 . experiments was triple distilled, with a specific conductivity of less than 1.5µΩ -1 and was tested for the absence of organics using surface tension measurements.
METHODS
Adsorption experiments
Adsorption experiments were conducted in capped 20 ml vials. Solid samples of 2 gram
were mixed with 10 ml of triple distilled water for 2 hours at room temperature. The pH was adjusted as desired and then 10 ml of the surfactant solution was added, and the samples were equilibrated further for 16 hours with pH adjustment. The samples were centrifuged for 30 min at 5000 rpm and clear supernatant was then pipetted out for analysis.
Electrokinetics
The electrophoretic mobility of the solid particles (zeta potential) was determined using a Pen Kem Laser Zee Meter. After surfactant adsorption, the sample was diluted with its own supernatant to make a dispersion of suitable solid concentration.
Analytical Techniques:
In adsorption experiments, cationic Gemini residual concentration was determined using a two-phase titration method using an anionic surfactant, sodium dodecyl sulfonate (C 12 SO 3 Na), as the titrating solution. The residual concentration of the anionic surfactant after adsorption was determined also by a two-phase titration method using a cationic surfactant, dodecyl trimethyl ammonium chloride (DTAC), as the titrating solution. Concentration of the sugar-based surfactant after adsorption was determined by colorimetric method through phenol-sulfuric acid reaction. In ionic/nonionic surfactant mixtures, the total residual surfactant concentration after adsorption was obtained by adding the individual component surfactant concentration, which was measured by either the two-phase titration or the colorimetric method.
RESULTS AND DISCUSSION The effect of Gemini/DM mixing ratio on the adsorption of Gemini C 12 -C 4 -C 12 on silica is illustrated in Figure 10 . 
SUMMARY AND CONCLUSIONS
During this period, we characterized the properties of the minerals, for particle size distribution and surface area. We also synthesized a series of novel cationic Gemini surfactants: butane-1,4-bis(quaternary ammonium chloride), C n -C 4 -C n , n indicating the alkyl chain length.
Adsorption behavior of individual surfactants (sugar-based n-dodecyl-β-D-maltoside (DM), Gemini C 12 -C 4 -C 12 ) and their mixtures on well-characterized silica mineral have been measured.
Electrokinetics of mineral particles after adsorption has also been monitored to help elucidate the mechanisms of surfactant adsorption.
Cationic Gemini C 12 -C 4 -C 12 , a dimeric form of the single chain surfactant dodecyl trimethyl ammonium chloride (DTAC), shows marked adsorption on the silica even at very low concentrations, compared to DTAC. Solution pH plays an important role on the adsorption of Gemini C 12 -C 4 -C 12 on silica. Increase in pH increases C 12 -C 4 -C 12 adsorption density due to the increased electrostatic adsorption of the Gemini on oppositely charged silica.
At pH 7, fairly low adsorption of n-dodecyl-β-D-maltoside (DM) on silica was observed.
When mixed with cationic Gemini C 12 -C 4 -C 12 , a sharp increase in the adsorption of DM, with reversed "S"-shaped adsorption in the rising part of the isotherm occurred. This phenomenon, not observed in the mixtures of DM with corresponding conventional cationic DTAC, is proposed to be the result of the unique molecular structure of Gemini C 12 -C 4 -C 12 . The presence of the double hydrophobic chain in the cationic Gemini C 12 -C 4 -C 12 produces a much stronger hydrophobic chain-chain interaction. Meanwhile, adsorption of C 12 -C 4 -C 12 acting as nuclei (anchors) to form mixed aggregates with DM on mineral surface is considered to be an important factor for the marked adsorption synergy. The observed synergy was confirmed by the measurements of zeta potential change of the silica due to mixture adsorption. , SO 4 2-etc.) on the adsorption of surfactant-polymer on minerals: adsorption, abstraction and precipitation studies.
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